Social values are composed of social concepts (e.g., ''generosity'') and context-dependent moral sentiments (e.g., ''pride''). The neural basis of this intricate cognitive architecture has not been investigated thus far. Here, we used functional magnetic resonance imaging while subjects imagined their own actions toward another person (self-agency) which either conformed or were counter to a social value and were associated with pride or guilt, respectively. Imagined actions of another person toward the subjects (otheragency) in accordance with or counter to a value were associated with gratitude or indignation/anger. As hypothesized, superior anterior temporal lobe (aTL) activity increased with conceptual detail in all conditions. During self-agency, activity in the anterior ventromedial prefrontal cortex correlated with pride and guilt, whereas activity in the subgenual cingulate solely correlated with guilt. In contrast, indignation/anger activated lateral orbitofrontalinsular cortices. Pride and gratitude additionally evoked mesolimbic and basal forebrain activations. Our results demonstrate that social values emerge from coactivation of stable abstract social conceptual representations in the superior aTL and context-dependent moral sentiments encoded in fronto-mesolimbic regions. This neural architecture may provide the basis of our ability to communicate about the meaning of social values across cultural contexts without limiting our flexibility to adapt their emotional interpretation.
Introduction
We use social concepts (e.g., ''honor,'' ''generosity,'' ''courage'') to describe social, personal and moral values, also known as virtues. Social values are trans-situational goals which guide the evaluation of our own as well as other people's behavior (Schwartz and Bilsky 1987; Rohan 2000; Hitlin and Piliavin 2004) and consist of abstract conceptual knowledge linked to emotional states and social actions (Schwartz and Bilsky 1987) . Due to their reliance on abstract conceptual knowledge, social values have a higher level of abstraction (Rohan 2000) than simple attitudes which are generally held to consist of emotional valence linked to a particular object, person or action (Rohan 2000; Cunningham and Zelazo 2007) .
In a previous study, we identified a specialized superior anterior temporal lobe region (aTL, BA38/22) which represents abstract conceptual knowledge that enables us to comprehend social concepts . How these neural representations of abstract social conceptual content are bound together with different contexts of social actions and emotions which dynamically shape our apprehension of social values is unknown. In this study, we investigated this issue using functional magnetic resonance imaging (fMRI).
One way of integrating the conceptual and emotional content of social values would be to directly link positive (reward) and negative (punishment) emotional valence to abstract conceptual representations. Following from this hypothesis, there should be valence-specific limbic brain activations which underpin feelings associated with social values independent of agency. Here, we will test an alternative model of integration of concepts and emotions that form social values . According to this model, social values change their emotional quality in a flexible way adapted to the context of agency. Social values also have a stable core component which is their abstract conceptual meaning as expressed by social concepts (e.g., ''honor'', ''courage'') used to describe values across different personal and cultural contexts. This remarkable stability could be explained on the basis of abstract conceptual representations within the aTL which we hypothesized to be independent of contexts of emotions and actions ). This separation of stable contextindependent representations in the aTL that can be flexibly embedded within different contexts of action implementation and emotional qualities as encoded in fronto-limbic circuits could account for our ability to link social values to a wide range of interpersonal and cultural settings.
The interdependency of context of actions and emotional evaluation has been a key component of the notion of values proposed by British philosophers during the 18th century. According to this stance, intuitive ''moral sentiments'' determine whether we perceive a behavior as constituting a virtue or vice and guide our approval or disapproval of that behavior (Hume 1777 ), a point of view which has gained recent support (Haidt 2001) . Further, David Hume emphasizes the inextricable relation of actions as the objects of moral sentiments and notes that moral evaluation of such actions depends on whether these are caused internally or by external force. When we are the agent of an action conforming to our values, we may feel pride, whereas when another person is the agent, we may feel gratitude. On the negative side, when we act counter to our values, we may feel guilt and when another person acts in the same way toward us, we instead feel indignation or anger ).
Although we and others have referred to moral sentiments as ''emotions,'' consistent evidence from functional imaging studies suggests that these complex subjective experiences arise from distributed activations in neocortical (anterior PFC and aTL) as well as phylogenetically older mesolimbic and orbitofrontal (OFC) regions (Moll et al. 2005 ). These findings lead us to propose that moral sentiments emerge from the functional integration of activity in limbic regions encoding emotional states, PFC regions which represent event sequences and action outcomes (Wood and Grafman 2003) , anterior temporal regions which represent abstract conceptual knowledge, and posterior temporal regions encoding sensory social features (Moll et al. 2005) .
The distinction between different social concepts (e.g., ''generosity,'' ''honor,'' ''politeness'') lies in abstract conceptual descriptions of social behavior independent of the context of action and emotion . Distinctions among different moral sentiments (e.g., ''pride,'' ''guilt,'' ''gratitude,'' ''indignation/anger'') in contrast, are not defined by differences in abstract conceptual content, but by differences in contexts of agency and emotional states . Social or moral values link abstract conceptual information to emotional flavors and contexts of action.
Here, we investigated the neural basis of social values by using the same abstract social concepts to evoke different qualities of moral sentiments through manipulating 2 important context variables of social value-related actions: self-versus other-agency and acting in accordance with, versus acting counter to, the social value described by an abstract concept.
Subjects underwent fMRI while they read sentences (e.g., ''Tom [subject's own name] acts stingily [or generously] toward Sam [best friend's name],'' ''Sam acts stingily [or generously] toward Tom''). During the scan subjects judged the pleasantness of their own feelings associated with that behavior. To measure moral sentiments, subjects had to choose a label which best described their feelings related to the described social behaviors from their own perspective after the scan. The conditions were 1) self-agency in accordance with social values (positive, POS_S-AG), 2) other-agency in accordance with social values (positive, POS_O-AG), 3) self-agency counter to social values (negative, NEG_S-AG), 4) other-agency counter to social values (negative, NEG_O-AG). This design allowed us to carefully control the properties of stimuli used across the different conditions and to probe the abstract conceptual content as well as the emotional and action context of social values.
Because no previous study has compared positive and negative moral sentiments evoked by different agency-roles and abstract social concepts, our experimental hypotheses for categorical effects of different sentiments were based on drawing analogies to previous work on altruistic decisions during charity donation (Moll et al. 2006 ) and script-driven elicitation of moral sentiments (Moll et al. 2005; Moll, de Oliveira-Souza, Garrido, et al. 2007) . We hypothesized that empathic prosocial sentiments (guilt) would activate the subgenual PFC and/or septum, regions recently implicated in social attachment and pair bonding in human and animal studies (Insel and Young 2001; Bartels and Zeki 2004; Depue and Morrone-Strupinsky 2005; Moll et al. 2006 ). For sentiments evoked during self-agency (pride, guilt), we expected stronger medial PFC activity necessary to predict outcomes of one's actions which determine the causal attribution of locus of agency to oneself necessary to evoke the feeling ). In addition, we expected predominantly lateral OFC-insular and dorsolateral PFC for other-critical sentiments (indignation/anger; Blair et al. 1999; Moll et al. 2006 ). Finally, for positive sentiments (pride and gratitude) related to value-guided social behavior, we predicted activation in regions within the mesolimbic reward pathway and its projections to the basal forebrain (ventral tegmental area [VTA], ventral striatum, hypothalamus, septum) grounded on the observed activations in this network during altruistic decisions and the hypothesized role of the basal forebrain in affiliative rewards.
Our results showed that the superior aTL is recruited during emotional judgments of social value-related behavior and that activity is indeed independent of valence and agency. Further, we demonstrated that different moral sentiments can be distinguished by differential activations within fronto-mesolimbic subregions. The prediction of predominantly medial PFC activity for moral sentiments evoked by self-agency (pride, guilt) and predominantly lateral PFC activity for other-critical sentiments (indignation/anger) was confirmed. Also the predictions of activity in different mesolimbic reward and basal forebrain regions (VTA, hypothalamus and septum) for gratitude and pride and the subgenual cingulate activation for guilt were substantiated. Neither valence nor agency alone accounted for categorical differences in activation within these regions corroborating our hypothesis that moral sentiments associated with social values cannot be explained solely on the basis of the main effects of these factors.
Materials and Methods

Subjects
Twenty-nine healthy subjects (15 men, age: mean = 27.9 ± 7.3 years, education: mean = 17.2 ± 1.5 years) took part in the fMRI experiment, none of whom had participated in our previous study . Data from 5 additional subjects had to be excluded prior to the statistical analysis (N = 3, MR-scanner failure; N = 1, participant fell asleep; N = 1, ventromedial PFC signal loss). All were strongly righthanded and native English speakers, underwent a neurological examination and a clinical screening MRI during the previous 12 months, had normal or corrected-to-normal vision, no history of psychiatric or neurological disorders or psychopharmacological treatment, were not taking centrally active medications and had not consumed alcohol 24 h prior to scanning. Informed consent was obtained according to procedures approved by the NINDS Internal Review Board. Subjects were compensated for their participation according to the NINDS standards.
fMRI Paradigm
The 5 conditions during visually presented event-related fMRI were 1) POS_S-AG (N = 45), 2) POS_O-AG (N = 45), 3) NEG_S-AG (N = 45), 4) NEG_O-AG (N = 45), 5) fixation of visual pattern (FIX, null event, N = 90).
The social concepts were a subset of stimuli used in an independent previous study ) for which we had acquired normative data on the descriptiveness of social behavior. In the prestudy the degree of detail with which each concept described social behavior was assessed. We acquired additional normative data in N = 64 subjects (33 men, age: mean = 28.1 ± 7.7 years, education: mean = 17.3 ± 2.1 years, including the subjects of this study and the previous fMRI study )) on familiarity from personal experience (1-to 7point Likert Scale) and pleasantness/unpleasantness (-4 to +4 bipolar Likert scale) of each social behavior (N = 180) described by a statement. Subjects rated after the scan whether it was important for them 1) to act or 2) not to act in a way described by each social concept, or whether 3) it was not important.
Relevant psycholinguistic variables from the MRC Psycholinguistic database (Coltheart 1981) : word familiarity, Kucera Francis word frequency, imageability and concreteness in addition to number of syllables were matched across conditions (see Supplementary Materials and Methods). The sentence structure and word number was identical for all stimuli.
Image Acquisition
Echoplanar T 2 *-weighted images were acquired (344 volumes per run) on a 3 Tesla General Electric scanner equipped with a standard head coil, high-order manual shimming to temporal and ventral frontal lobes, 3-mm slice thickness, 64 3 64 matrix, 37 slices, repetition time [TR] = 2.3 s, echo time [TE] = 20.5, field of view [FOV]: 220 3 220 mm, parallel to the anterior to posterior commissural line, whole brain coverage (not cerebellum). The first 5 volumes were discarded. The combination of high-field MRI, thinner slices (Bodurka et al. 2007 ) and high-order manual shimming optimized the signal in anterior temporal and ventral frontal lobes. All subjects had full coverage of the aTL and most of the ventral frontal cortex upon inspection of normalized echoplanar images (see Supplementary Fig. 7 ). In addition, high-resolution (%1 mm 3 ) T 1 -weighted 3D magnetization-prepared rapid acquisition gradient echo structural images were collected (1-mm slice thickness, 128 slices, matrix: 224 3 224, TE = 2.964; FOV: 220 3 222 mm).
Image Analysis
Imaging data were analyzed using statistical parametric mapping (SPM5, http://www.fil.ion.ucl.ac.uk/spm/software/spm5) and a general linear model (Friston et al. 1995) . For each condition, descriptiveness of social behavior of social concepts was modeled as a parametric predictor convolved with the hemodynamic response function (HRF). In addition, for each condition, the most frequently occurring moral sentiment was modeled as a categorical predictor (see Supplementary  Fig. 5 ) for the respective condition for each subject. Finally, selfdistinctiveness of social values (i.e., the difference of self-reference minus best-friend reference) was modeled as a parametric predictor of no interest for each condition and subject at the first level (for a schematic outline of the SPM5 analyses see Supplementary Fig. 9 ).
Familiarity from personal experience and pleasantness of social behaviors as well as self-reference and best-friend-reference of social concepts (rated as part of our normative study in N = 64 subjects for each of the 90 social concepts on 1-to 7-point Likert Visual Analog Scales: ''How well does the word describe you [your best friend]?'') used to describe these behaviors were so highly correlated that 94.8% of the total variance on all those variables could be explained by a single principle component (principle components analysis, SPSS14: http:// www.spss.com) and each variable loaded onto this component with minimum correlations of 0.95. Therefore we decided not to include any of those highly correlated variables into our model and instead modeled the effect of valence categorically within our factorial model. In interpreting this and other studies, the potentially high correlation of self-reference, similar other-reference, valence and familiarity needs to be kept in mind (regarding the fallacies of including highly correlated variables as predictors in multiple regression models see Stevens 1996) .
All partial effects of interest per condition were compared versus the low-level baseline (fixation): 1) condition-specific HRF, 2) descriptiveness of social behavior convolved with HRF, 3) condition-specific moral sentiment convolved with HRF. These contrasts were entered at the second-level using a random-effects factorial model with 2 categorical factors: 1) valence (positive/negative) and 2) agency (self/other) resulting in the 4 experimental conditions.
To reveal brain regions commonly activated across all conditions vs. Fixation, we performed a conjunction null analysis (Friston et al. 2005) on the sum of partial effects of interest (HRF, descriptiveness of social behavior, condition-specific moral sentiment) over all 4 conditions at an uncorrected P = 0.001, 5 voxels (corresponding to a false positive per voxel probability <0.01 according to Monte-Carlo simulations, Forman et al. 1995) . Further we exclusively masked this conjunction analysis by F-tests for main effects and interactions of valence and agency at a lenient threshold (P = 0.05, uncorrected) to rigorously exclude voxels where there were significant differences across conditions. This masked conjunction analysis was used as a region of interest (ROI) mask (Maldjian et al. 2003) in subsequent analyses on the partial effect of interest: descriptiveness of social behavior (P = 0.001 uncorrected, 5 voxels) over all conditions, thereby revealing common regions where there was an increase of activity increasing with the respective predictor of interest. To test the spatial reliability of our finding for descriptiveness of social behavior, we created an inclusive mask using the effect of descriptiveness of social behavior from our first study ) at a lenient threshold (P = 0.05, 5 voxels within the same aTL ROI, created for our first study).
To examine the main effects and interactions of valence and agency (P = 0.001, 5 voxels), we masked the main effects exclusively by F-tests on the complementary main effect and the interaction at a lenient threshold (P = 0.05) to rigorously isolate voxels which solely respond to the main effect of interest.
In order to examine effects of condition-specific moral sentiment within in each condition, we carried out a separate analysis where condition-specific moral sentiment versus Fixation was analyzed with a subject-specific covariate of the Z-score for overall moral sentiment frequency of experience during the experiment per subject (see Supplementary Materials and Methods). This allowed us to test for effects consistent across subjects with the variance explained by individual variability on frequency of moral sentiment experience removed (covariance analysis) and separately to look at the effects of interindividual differences.
To increase the power of this more fine grained analysis we performed these analyses at an uncorrected P = 0.005, 4 voxels, which according to Monte-Carlo simulations (Forman et al. 1995) corresponds to a per voxel false positive probability of P = 0.01 to 0.02. Only regions which additionally survived a family-wise error (FWE)-corrected threshold of P = 0.05 over a priori ROIs or the whole brain and additional inclusive masking with 2 higher-level contrasts are reported (P = 0.05, 5 voxels uncorrected): 1) condition-specific moral sentiment versus same agency and opposite valence condition 2) conditionspecific moral sentiment versus same valence and opposite agency condition. This inclusive masking was applied to focus the analysis on regions where there were categorical differences between the condition-specific moral sentiment in different conditions that could not be explained by the main effects of valence or agency.
We also looked for main effects of agency and valence on the condition-specific moral sentiment by inclusively masking simple contrasts for pride 3 POS_S-AG versus FIX and guilt 3 NEG_S-AG versus FIX at P = 0.005 by higher-level contrasts: pride 3 POS_S-AG versus gratitude 3 POS_O-AG and guilt 3 NEG_S-AG versus indignation/ anger 3 NEG_O-AG at P = 0.05 to look for the effect of self-agency and the reverse contrasts for effects of other-agency. Simple contrasts of pride 3 POS_S-AG versus FIX and gratitude 3 POS_O-AG versus FIX at P = 0.005 were inclusively masked by contrasts at P = 0.05: pride 3 POS_S-AG versus guilt 3 NEG_S-AG and gratitude 3 POS_O-OAG versus indignation/anger 3 NEG_O-AG to reveal effects of positive valence and the reverse contrasts to look at negative valence effects.
To correct for multiple comparisons in all reported analyses, we created bilateral anatomical ROIs (see Supplementary Materials and Methods) for all a priori regions predicted to be relevant for social concepts, moral sentiments and agency (Moll et al. 2005; Moll, de Oliveira-Souza, Garrido, et al. 2007 ): aTL, posterior superior temporal sulcus/temporo-parietal junction [pSTS_TPJ], dorsolateral PFC, ventromedial PFC, lateral OFC, dorsomedial PFC, primary and supplementary motor cortex, insula, amygdala, basal ganglia, septum, hypothalamus, VTA). Only regions surviving FWE-corrected P = 0.05 over the bilateral predefined ROI volume were reported. Activations outside of a priori ROIs were reported when they survived a whole brain FWE-corrected threshold of P = 0.05. All reported coordinates are in Montreal Neurological Institute Standard Space. MRIcron (http://www.sph.sc. edu/comd/rorden/mricron/, Rorden and Brett 2000) was used to display saved statistical masks overlaid on a standard template. For confirmatory statistics performed on peak voxel parameter estimates we report 2-tailed significances.
Results
Behavioral Data
Mean response times were equal across the 4 experimental conditions (one-way analysis of variance [ANOVA], F 3,176 = 0.47, P = 0.70, see Supplementary Fig. 4) . A high proportion of social values expressed by positive concepts (e.g., ''generosity'') were rated as personally important goals to promote (mean = 72.3 ± 2.9% standard deviation), whereas values expressed by negative social concepts (e.g., ''stinginess'') were rated as personally important goals to prevent (mean = 78.5 ± 3.0%), with no difference between the number of personally important items between the conditions (Wilcoxon test, Z = -0.89, asymptotic 2-tailed P = 0.37). Rated familiarity and pleasantness/unpleasantness (i.e., valence) were equal between self-agency and other-agency conditions ( Supplementary Fig. 5 ).
As predicted, pride was the most frequent moral sentiment in the POS_S-AG condition, gratitude in the POS_O-AG, guilt in the NEG_S-AG and indignation/anger in the NEG_O-AG condition ( Supplementary Fig. 5 ).
After the scan we assessed strategies used by the subjects during fMRI regarding retrieval of autobiographical episodes and visual imagery (adapted from Piefke et al. 2005 ) and modulating effects on activity related to individual differences in moral sentiments could be excluded (see Supplementary Materials and Methods).
Temporal Lobe Responses Common Across Conditions
There was a significant effect of descriptiveness of social behavior within the right superior aTL ( Fig. 2a,b) , which was independent of agency and valence and consistent across all conditions ( Supplementary Fig. 6a ). We also separately tested main effects and interactions of valence and agency on the partial effects of descriptiveness of social behavior and, as expected, no effects emerged within the aTL. The activation peak of the superior aTL region overlaps with the region identified as specific for social concepts vs. animal function concepts in our previous study ). To test the spatial reliability, we created a mask using the effect of descriptiveness of social behavior from ). Figure 2b shows the result of the partial effect of descriptiveness of social behavior common across conditions inclusively masked by the statistical mask for the descriptiveness of social behavior effect in ). The superior aTL cluster located at the border of anterior BA22 and superior BA38 was the only region surviving this analysis.
Categorical Effects of Moral Sentiments and Interindividual Differences
We first tested whether there were common regions for positive sentiments vs. negative sentiments or the reverse and whether there were common regions for self-agency vs. otheragency-related sentiments or the reverse (see Materials and Methods) . No significant regions could be detected, demonstrating that differential activations cannot be explained by the simple effects of valence or agency.
Effects of Interindividual Differences
Individual differences in the percentage of trials where pride was experienced during fMRI only lead to a single significant region on the whole brain analysis: the septum (higher in people with a higher frequency of pride during pride-related trials: 0, 15, 6; Z = 3.18, set-level corrected P = 0.009; peak voxel correlation: R = 0.46, P = 0.01, Supplementary Table 1, Fig. 1c , Fig. 3a,b) .
Higher frequency of guilt was correlated with activity in anterior ventromedial PFC (BA10; -21, 51, -3; Z = 3.67) and the subgenual cingulate (BA32; -15, 36, -6; Z = 5.48, Supplementary  Table 1, Fig. 1f, Fig. 3a,c) . Individual difference effects within the subgenual cingulate cortex (BA32) for guilt (R = 0.66, P < 0.0001) were significantly higher compared with the other moral sentiments and there were no significant correlations with the other moral sentiments in this region (Fig. 3) .
Higher individual frequency of gratitude was solely correlated with the hypothalamus in the whole brain analysis (3, -3, -3; Z = 4.04, Fig. 1d, Supplementary Table 1 ). No individual difference effects in the whole brain analysis could be detected for indignation/anger. Figure 1 . The partial effects for each condition-specific moral sentiment compared with Fixation are displayed (see also Materials and Methods and Supplementary Table 1 ). These are inclusively masked by 2 contrasts: 1) comparing the condition-specific moral sentiment (e.g., pride during POS_S-AG) versus the condition with opposite valence and same agency role (e.g., guilt during NEG_S-AG). 2) comparing versus the condition with opposite agency role and same valence (e.g., gratitude during POS_O-AG). This applies to all depictions of whole brain analyses. Additional a priori ROI analyses were carried out on the simple contrasts versus fixation without applying inclusive masking and all reported regions survived FWE-corrected P 5 0.05 over a priori ROIs. All images are displayed at an uncorrected P 5 0.005, 4 voxels. Consistent group effects for pride: (a) whole brain, (b) VTA ROI analysis, (c) effect of individual differences for pride, whole brain, (d) individual difference effect for gratitude, whole brain, (e) individual difference effect for guilt, overlay of ventromedial PFC, lateral OFC, basal ganglia, and septum ROIs. 
Consistent Group Effects with Covariance due to Interindividual Differences Removed
Signal increases for pride within anterior ventromedial PFC (BA10; -9, 54, -3; Z = 4.54, Fig. 1a, Supplementary Table 1 ), the VTA (-9, -9, -6; Z = 4.26; Fig. 1b; Supplementary Table 1 , reaching into the posterior hypothalamus) and the parahippocampal gyrus (BA30; -9, -48, 3; Z = 5.82; Supplementary  Table 1 ) were consistent across subjects.
There were no interindividually consistent group effects which were specific for gratitude compared with pride and indignation/anger. Indignation/anger evoked strong consistent group increases in activity within left OFC (BA47; -30, 30, -12; Z = 4.81, Fig.  1g,h, Supplementary Table 1 ), anterior insula (-36, 15, 3; Z = 3.94; Fig. 1g, Supplementary Table 1 ) and left dorsolateral PFC (BA9; -45, 6, 30; Z = 4.16, Supplementary Table 1 ). There were no regions in which guilt evoked stronger effects consistent across the group than indignation/anger and pride.
Discussion
In summary, we confirmed the hypothesis that social values draw upon stable representations of conceptual detail within the superior aTL and context-dependent representations of distinct moral sentiments within fronto-mesolimbic regions.
Temporal Lobe Responses Common Across Conditions
As predicted, the same right superior aTL region previously shown to represent abstract conceptual social knowledge ) was also recruited during emotional judgments of social values and this activation was independent of valence and agency. Superior aTL activity was not only associated with the richness of detail with which concepts describe social behavior but also with the subjective experience of moral sentiments during evaluations of social valuerelated actions described by these concepts ( Supplementary  Fig. 6b ). This supports the notion that the experience of moral sentiments partly depends on abstract conceptual Figure 2. (a) Partial effect of descriptiveness of social behavior common across all conditions: right superior aTL (BA22, x 5 54, y 5 0, z 5 À3; T 5 4.53; FWE-corrected P over a priori ROI 5 0.008) and right superior mid-posterior temporal gyrus (BA22, x 5 57, y 5 À18, z 5 6; T 5 4.6; FWE-corrected P over a priori ROI 5 0.008). (b) The same analysis (as in a) inclusively masked by the descriptiveness of social behavior effect in Zahn et al. (2007) within the aTL ROI in right superior aTL (BA22, x 5 60, y 5 À3, z 5 À3; T 5 4.18; FWE-corrected P over a priori mask 5 0.005). Activations are displayed at uncorrected P 5 0.001, 5 voxels. Figure 3. (a) Regression coefficients for subject-specific moral sentiment frequency covariate effects and standard errors in septum and subgenual cingulate (BA32) peak voxels. Scatter plot for Z-transformed fMRI effects for (b) pride in the septum and (c) guilt in the subgenual cingulate. There was a significant interaction of condition and effect of subject-specific moral sentiment covariates on Z-transformed fMRI effects within the septum (peak coordinate from Supplementary Table 1 , univariate ANOVA, SPSS14, outliers Z-score outside ±2.5 excluded): F 107,7 5 3.18, P 5 0.03. There was also a significant main effect of the moral sentiment covariate on the septal signal strength F 114,1 5 4.61, P 5 0.03. Unadjusted correlations for septal activity with pride for POS_S-AG: R(29) 5 0.46, P 5 0.01 (trend for gratitude: R(29) 5 0.35, P 5 0.06, negative trend for indignation/anger: R(28) 5 À0.34, P 5 0.08, no significant correlations with guilt: R(29) 5 0.22, P 5 0.25). There was a significant interaction of condition with the moral sentiment covariate effect on the signal within the subgenual PFC: F 112,3 5 2.63, P 5 0.05. Subgenual PFC 3 NEG_S-AG_guilt: R(28) 5 0.66, P \ 0.0001 (no significant correlations with other moral sentiments: P [ 0.30). There was a significant correlation of gratitude with hypothalamic activity (R 5 0.43, P 5 0.02). However, when adjusting the correlation for the effects of the other conditions, the overall ANOVA shows no significant effect of condition for the strength of correlation between moral sentiment covariates and hypothalamic activation and also no interaction of condition and moral sentiment covariates (at P 5 0.05). Thus the effects in the hypothalamus were not robust enough to survive adjustment on the secondary data analysis.
representations of social behaviors within the aTL ). Further we confirmed our second hypothesis that categorical differences between moral sentiments evoked by evaluation of social value-related behavior are based on distinct patterns of fronto-mesolimbic brain activity which cannot be explained by valence effects alone.
Several regions showed significant activations common across all conditions and were more active for more descriptive concepts in addition to the superior aTL ( Supplementary Table 2 ). Activity in none of those regions was detected in association with abstract conceptual knowledge of social behaviors tested during our previous fMRI study . Our assertion that the superior aTL represents abstract conceptual knowledge of social values relies thus on the analysis of both studies in conjunction (Fig. 3b ).
Categorical Effects of Moral Sentiments and Interindividual Differences
Categorical effects of different moral sentiments as part of the context-dependent experience of social values occurred as significant interindividual difference effects and as effects consistent across the group. Interindividual differences in the frequency of experiencing guilt strongly predicted activity in the subgenual cingulate cortex. Previous neuroimaging studies investigating script-driven elicitation of guilt without modeling individual differences have failed to show activity in the subgenual cingulate cortex (Shin et al. 2000; Takahashi et al. 2004; Moll, de Oliveira-Souza, Garrido, et al. 2007 ). However, this region has been previously associated with altruistic behavior (Moll et al. 2006) and was therefore predicted to be activated during the experience of prosocial sentiments (Moll, de Oliveira-Souza, Garrido, et al. 2007 ). Further, resting state activity in this region is abnormal in patients with major depression (Drevets 2000; Mayberg et al. 2005 ), a disorder associated with overgeneralized sentiments of interpersonal guilt (O'Connor et al. 2002) .
Individual differences in pride when acting in accordance with one's own values toward one's best friend (a prosocial form of pride) were associated with activity in the septum, a region recently implicated in pair bonding, affiliative reward and learning (Insel and Young 2001; Depue and Morrone-Strupinsky 2005; Moll et al. 2006) . The cingulate gyrus, lateral septal nuclei, medial preoptic area, mediobasal hypothalamus and VTA form a neural system implicated in pair bonding and affiliative rewards across a broad range of species (Insel and Young 2001; Depue and Morrone-Strupinsky 2005) . This system is modulated in part by oxytocin, recently shown to increase trust in human interactions (Kosfeld et al. 2005) . Additional activity within the VTA during experience of pride concurs with the role of the VTA for basic (Tobler et al. 2005) and affiliative rewards.
Thus commensurate with our hypotheses, positive valuerelated moral sentiments activated subregions of the mesolimbic reward system and the basal forebrain. Activity for prosocial sentiments compared with indignation/anger was higher in basal forebrain regions (septum) and paralimbic cortex (subgenual cingulate) previously related to affiliative bonding (Insel and Young 2001; Bartels and Zeki 2004; Moll et al. 2006) .
In keeping with our expectation, activity in anterior ventromedial PFC (BA10) increased for sentiments evoked by self-agency during anticipated value-related behaviors (pride and guilt). Anterior medial PFC (BA10) activation was consistently found for moral sentiments (Moll et al. 2005) and was previously demonstrated for guilt (Moll, de Oliveira-Souza, Garrido, et al. 2007) . Patients with damage to this region together with lesions of more posterior ventromedial PFC show reduced guilt and compassion (Koenigs et al. 2007 ), inappropriate pride (Beer et al. 2006 ), a lack of empathic concern, increased irritability, impoverishment of feelings, difficulties making real-world decisions and adjusting their social behavior to the sequential context of actions which may manifest as social inappropriateness or reductions of motivated behavior (Eslinger and Damasio 1985; Anderson et al. 2006; Rankin et al. 2006; Eslinger et al. 2007 ). Furthermore, anterior ventromedial PFC was found to underlie sequence judgments on component events of complex daily life event sequences (e.g., ''going to the restaurant''; ''attending a funeral'') during fMRI ) and patients with lesions encompassing this region have impairments in knowledge of sequences of actions (Zalla et al. 2003) . Importantly, fMRI activations for event sequences were independent of emotional valence ). Thus activity for pride and guilt in this region is not explained by emotional states represented within anterior medial PFC (BA10). This finding is, however, compatible with the view that moral sentiments partly depend on representations of sequential outcomes of one's own and other people's actions (Moll et al. 2005) .
In summary, both self-agency conditions elicited activations within ventromedial PFC regions, however with different anatomical distributions. Importantly, these activations cannot be explained by self-reference (i.e., the degree to which subjects thought that social concepts were characteristic of themselves, see Materials and Methods) a variable which was controlled for that has been consistently linked to medial PFC activity (Northoff et al. 2006 ). Rated self-reference of social concepts in our study was so highly correlated with reference to the best friend, positive valence (i.e., pleasantness) and familiarity that these variables were statistically inseparable (see Materials and Methods). Consequently, if anterior vmPFC activity had been due to self-reference, one would have expected that in the conditions using positive social concepts leading to pride and gratitude one should have seen higher medial PFC activity than in the negative conditions (being lower in self-reference). On the contrary, however, both positive and negative self-agency conditions leading to pride and guilt induced higher anterior vmPFC activity compared with the other conditions. This means that main effects of selfreference of social concepts were not enhancing activity in the anterior vmPFC but that there was an interaction with the context of agency role (self vs. other) which determined whether this region was activated.
Prior investigations of the immediate sense of self-agency during motor actions revealed the importance of motor, premotor and dorsomedial PFC regions David et al. 2006 ) and the specific role of the temporo-parietal junction in distinguishing self and other during self-agency (Sirigu et al. 1999; Decety and Sommerville 2003; Decety and Grezes 2006) . The lack of main effects of self-or other-agency on these regions in our study points to partially dissociable neural systems which underlie the immediate sense of selfagency during motor actions probed in previous studies and the representations of self-agency during complex valuerelated social behavior which were addressed here.
Indignation/anger was associated with prominently left lateral OFC and dorsolateral PFC activity as well as anterior insula activations. Activations of the anterior insula have been repeatedly demonstrated with aversive stimuli (Seymour et al. 2007) . Lateral PFC activations accord with the notion that anger irrespective of valence and punishment associations is represented in the lateral OFC (Blair et al. 1999 ) and that lateral PFC regions are more important when a change in strategy or response is required under unexpected circumstances (Elliott et al. 2000; Wood and Grafman 2003; Kringelbach and Rolls 2004) . Guilt also activated lateral OFC (BA47) regions but not as strongly as indignation/anger. These different effects for guilt and indignation/anger cannot be explained by differences in valence, because the percentage of subjects experiencing indignation/anger during the other-agency conditions was equally strongly negatively correlated with pleasantness (R = -0.85, P < 0.0001) as it was with guilt (R = -0.86, P < 0.0001) during the self-agency conditions.
Conclusions
Taken together, our findings show that the same superior aTL regions which represent abstract social concepts are recruited during emotional judgment of social values and are stable across different contexts of moral sentiments. Further, we showed categorical differences in fronto-mesolimbic regions for moral sentiments evoked by social value-related actions.
Our results are most parsimoniously explained by the assumption that social values emerge from coactivation of abstract conceptual representations within the superior aTL, emotional states represented in mesolimbic and basal forebrain regions (hypothalamus, septum, VTA, anterior insula) and emotion--action associations in OFC as well as sequential action outcomes in anterior medial PFC regions (Moll et al. 2005) . Irrespective of the postulated function of subdivisions within fronto-mesolimbic circuits, our results demonstrate that differences in patterns of fronto-mesolimbic activity are associated with different subjective qualities of moral sentiments evoked by the same abstract conceptual content of social values in different contexts of action.
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